Objective: To examine the prediction of coffee consumption on the incidence of Parkinson's disease. Subjects and methods: The study population comprised 6710 men and women, aged 50-79 years and free from Parkinson's disease at the baseline. At baseline, enquiries were made about coffee consumption in a self-administered questionnaire as the average number of cups per day. During a 22-year follow-up, 101 incident cases of Parkinson's disease occurred. Parkinson's disease cases were identified through a nationwide registry of patients receiving medication reimbursement, which is based on certificates from neurologist. Results: After adjustments for age, sex, marital status, education, community density, alcohol consumption, leisure-time physical activity, smoking, body mass index, hypertension and serum cholesterol, the relative risk for subjects drinking 10 or more cups of coffee per day compared with non-drinkers was 0.26 (95% confidence interval 0.07-0.99, P-value for trend ¼ 0.18). The association was stronger among overweight persons and among persons with lower serum cholesterol level (P-value for interaction ¼ 0.04 and 0.03, respectively).
Introduction
As the age of the general population is increasing, the prevalence of Parkinson's disease is projected to rise in future (Lang and Lozano, 1998) . Although the etiology of Parkinson's disease is unclear, a combination of genetic predisposition and environmental exposure is apparent (Lang and Lozano, 1998) . Lifestyle factors apparently might confer protection against Parkinson's disease . Among dietary factors, coffee consumption has been considered to reduce the risk of Parkinson's disease (Hernan et al., 2002) .
An inverse association between coffee consumption and Parkinson's disease has been found in several epidemiological studies (Benedetti et al., 2000; Ross et al., 2000; Ascherio et al., 2001 Ascherio et al., , 2003 Ascherio et al., , 2004 Paganini-Hill, 2001; Ragonese et al., 2003) , but not in all (Fink et al., 2001; Checkoway et al., 2002; Wirdefeldt et al., 2005) . Although the epidemiological evidence suggesting that coffee consumption reduces the risk of Parkinson's disease is growing, the number of cohort studies is still relatively small, however, and these studies have all been restricted to the US (Ross et al., 2000; Ascherio et al., 2001 Ascherio et al., , 2003 Ascherio et al., , 2004 . Therefore, the results from cohort studies need to be confirmed in other populations, where coffee consumption habits differ from those common in US. The Finnish population is of special interest, since it exhibits the world's highest rate of coffee consumption (International Coffee Organization, 2006) , having a wide range of coffee consumption from non-drinkers to heavy consumers. In addition, there is a need for exploration of potential effect-modifying factors between coffee consumption and Parkinson's disease.
The primary aim of the present cohort study was to investigate whether coffee consumption predicted the incidence of Parkinson's disease in a Finnish population. In addition, since previous studies on coffee consumption and Parkinson's disease have included only some effect-modifying factors, we focused on a more detailed study of subgroups.
Materials and methods

Study population
The subjects of the present cohort study were drawn from the re-examination stage of the Finnish Mobile Clinic Health Examination Survey conducted in 1973 -1976 (Reunanen et al., 1983 . All inhabitants (or depending on the size of the municipality, a random sample of them) from 12 municipalities of Finland were invited to attend the survey. A total of 19 518 men and women aged 20 years or older participated (83% of those invited). Details of the selection and characteristics of the population examined have been described elsewhere (Aromaa, 1981; Reunanen et al., 1983; Knekt, 1988) .
All participants aged 50-79 years were included in this study (n ¼ 7246). Subjects identified as Parkinson's disease cases were excluded at baseline. Also, subjects who reported use of antipsychotic medication because of psychotic disorders (ICD-10 (International Classification of Diseases) codes F20-F39) and subjects with missing information on coffee consumption were excluded. The final study population comprised 6710 subjects.
Assessment of exposure
At baseline, all subjects completed a mailed, self-administered, health questionnaire that was checked by a trained nurse. The health questionnaire provided information on sociodemographic background, previous and current illnesses, consumption of medication, and smoking and other lifestyle factors (Knekt, 1988) . Enquiries were made about coffee consumption with an open-ended question as the average number of cups per day.
The suitability of the health questionnaire in measuring coffee consumption was assessed in a randomly selected subpopulation by determining the agreement between the health questionnaire and a 1-year dietary history interview (see Järvinen, 1996 for description of method) (n ¼ 4341) and by determining the short-term (4-8 months) reproducibility of the health questionnaire (n ¼ 286). The reliability coefficient was 0.86 for the agreement between the health questionnaire and the dietary history interview and 0.77 for the reproducibility of the health questionnaire.
At the baseline examinations, height and weight were measured and the body mass index (kg/m 2 ) was calculated.
Blood pressure was measured in the sitting position after a 5-min rest, using a semiautomatic device (Elag BPM-A) (Aromaa, 1981) . Serum samples were taken and the cholesterol concentrations determined by an autoanalyzer modification (Auto-Analyzer Methodology N-24a and N-77; Technicon, Tarrytown, NY, USA) of the LiebermannBurchard reaction (Huang et al., 1961) .
Case ascertainment
In this study, Parkinson's disease cases (ICD-10 code G20) were ascertained through the nationwide registry of the Social Insurance Institution of patients receiving medication reimbursement. In Finland, medication costs are reimbursed for certain chronic diseases, including Parkinson's disease, when the eligibility for the allowance is proven with a comprehensive medical certificate. In order to obtain this allowance, the Parkinson's disease patients must apply for it and attach a certificate from a neurologist describing the clinical diagnostic criteria. This certificate has to include a symptom history and report the findings from clinical examinations (stating the presence of resting tremor, bradykinesia and/or muscle rigidity along with other findings). When the application arrives at the Social Insurance Institution, the certificate is inspected by another neurologist, and if the neurologist agrees with the diagnosis, the allowance is granted. The medication allowance is not granted for patients with, for example, essential tremor, intention tremor or parkinsonism caused by neuroleptics. The Social Insurance Institution continuously updates the registry on all patients receiving the medication allowance. Although the coverage of the registry has not been determined exactly, the accuracy of the registry is found to be over 80% (Dr J Lyytinen, personal communication, November 2006) . Participants in the present study were linked to this registry by individual social security codes assigned to each Finnish citizen. During the 22 years of follow-up from 101 Parkinson's disease cases were identified. The individual follow-up refers to the period of time from the baseline examination to the date of Parkinson's disease diagnosis, death or the end of the observation period, whichever came first.
Statistical analyses
The association between potential confounding factors and coffee consumption and Parkinson's disease were studied using the general linear model. Confounding factors were identified by studying background variables one by one and using a P-value o0.5 as the inclusion criteria for potential confounders. Cox's proportional hazards model was used to estimate the strength of association between coffee consumption and Parkinson's disease incidence (Cox, 1972) . The significance of trends was tested by including coffee consumption as a continuous variable in the models. Potential confounding factors were adjusted for in different multivariate models, and three main models were defined. The first model included age and sex. The second model also included marital status (married, others), education (1-9, X10 years), community density (rural, urban), alcohol consumption as ethanol (0, o5, X5 g/day), leisure-time physical activity (no, light X4 h/week, heavy X3 h/week), smoking status (never/past, current) and body mass index (o23, 23-24.9, 25-27.4, 27.5-29.9 , X30 kg/m 2 ). In a third model hypertension (yes ¼ normal/borderline, no ¼ mild/ definite (Knekt, 1988) for description of categories)) and total serum cholesterol (quintiles) were further included. Analyses with exclusion of the first 5 years of follow-up were performed to examine the effect of the preclinical disease phase. Potential effect-modifying factors were entered in the model as multiplicative terms. Some of the potential effectmodifying factors included in the analyses were selected from the literature (for example, sex, smoking and body mass index); some of them were exploratory in nature and were included without predefined hypothesis (for example, education, physical activity and blood pressure). All analyses were carried out using SAS software version 9 (SAS Institute Inc., Cary, NC, USA).
Results
At baseline, Parkinson's disease cases were older and more often non-smokers than subjects who were free from the disease (Table 1 ). Parkinson's disease was not notably associated with any other background variable, but coffee consumption was lower among Parkinson's disease cases. Coffee consumption was associated with age, sex, education, community density, alcohol consumption, leisure-time physical activity, smoking, hypertension and serum cholesterol ( Table 2 ). The average daily coffee consumption was approximately five cups per day, and 10.2% of the subjects consumed at least 10 cups of coffee per day. In the age-and sex-adjusted model, subjects who consumed at least 10 cups of coffee per day had a lower risk of Parkinson's disease compared with non-drinkers with a relative risk of 0.21 (95% confidence interval (CI) 0.06-0.80) ( Table 3) . Further adjustments for marital status, education, community density, alcohol consumption, leisuretime physical activity, smoking, body mass index, hypertension and serum cholesterol did not notably alter the results, the relative risk being 0.26 (95% CI 0.07-0.99). There were also signs of an inverse dose response relationship between coffee consumption and Parkinson's disease, but the trend was nonsignificant both before and after the adjustments.
Exclusion of the first 5 years of follow-up did not notably alter the association between coffee consumption and Parkinson's disease, as the relative risk in the third model was 0.25 (95% CI 0.07-0.97) for subjects drinking at least 10 cups of coffee per day compared with non-drinkers. In this population with the first 5 years of follow-up excluded, when the two highest and the two lowest categories of coffee consumption were combined to achieve more stabile distribution of subjects, the relative risk in the third model was 0.60 (95% CI 0.38-0.96) for subjects drinking at least four cups of coffee per day compared with individuals drinking 0-3 cups per day.
The association between coffee consumption and Parkinson's disease was similar in men and women (Table 4) . A statistically significant interaction was found only for body mass index and serum cholesterol (P ¼ 0.04 and 0.03, respectively), so that an inverse association between coffee consumption and Parkinson's disease incidence was present in subjects who were overweight and had serum cholesterol levels under the median (o7.24 mmol/l) (Table 4) . However, suggestive associations between coffee consumption and Parkinson's disease incidence were also found in subgroups of several other factors considered. An inverse association was present in subjects who were aged 50-69 years, had lower education, had no leisure-time physical activity and had no hypertension. In addition, we found a statistically significant inverse association between smoking and Parkinson's disease. The current smokers had an age-and sex-adjusted relative risk of 0.19 (95% CI 0.07-0.52) when compared with non-smokers.
Discussion
We found a weak inverse association between coffee consumption and the risk of Parkinson's disease. Subjects who consumed at least 10 cups of coffee per day had a statistically significantly lower risk of Parkinson's disease compared with non-drinkers, and adjustments for several confounding factors did not notably alter the results. These results are in line with those obtained from previous cohort studies (Ross et al., 2000; Ascherio et al., 2001 Ascherio et al., , 2003 Ascherio et al., , 2004 . We also found signs of an inverse dose response relationship between coffee consumption and Parkinson's disease. Similarly, an obvious inverse dose response relationship was found in the Honolulu Heart Program study (Ross et al., 2000) . However, no dose response relationship was found in the large Cancer Prevention Study II Cohort , although there was an inverse association between coffee consumption and the risk of Parkinson's disease. These inconsistent findings could be explained by differences in sizes of coffee cups, or, as suggested by Ascherio et al. (2004) , due to the moderate power of each study, errors in measuring coffee consumption, differences in coffee strength or lack of information on caffeine intake from other sources.
Findings in the present study support the suggested hypotheses of physiological mechanisms for the beneficial effects of coffee consumption against Parkinson's disease. One of the hypotheses rests on the fact that coffee contains a considerable number of potential antioxidants (Yen et al., 2005) and is capable of increasing plasma antioxidant capacity in humans (Natella et al., 2002) . Since oxidative stress is suggested as one of the mechanisms underlying Parkinson's disease pathogenesis (Cardoso et al., 2005) , coffee could have neuroprotective effects because of its antioxidant properties. Providing antioxidants such as vitamin E in early Parkinson's disease has shown to be beneficial in one clinical trial (Fahn, 1991) , but not in another (The Parkinson Study Group, 1993) . Another hypothesis for the physiological mechanisms of coffee is the role of caffeine as an adenosine A 2A receptor antagonist. As reviewed by Schwarzschild et al. (2002) , caffeine may protect dopaminergic neurons from excitotoxic components Adjusted for age, sex, marital status (married, others), education (1-9, X10 years), community density (rural, urban), alcohol consumption (0, o5, X5 g ethanol/ day), leisure-time physical activity (no, light X4 h/week, heavy X3 h/week), smoking (never/past, current) and body mass index (o23, 23-24.9, 25-27.4, 27.5-29.9, X30 kg/m 2 ). d Adjusted for age, sex, marital status (married, others), education (1-9, X10 years), community density (rural, urban), alcohol consumption (0, o5, X5 g ethanol/ day), leisure-time physical activity (no, light X4 h/week, heavy X3 h/week), smoking (never/past, current), body mass index (o23, 23-24.9, 25-27.4, 27.5-29.9 , X30 kg/m 2 ), hypertension (no, yes) and serum cholesterol (quintiles).
Coffee consumption and Parkinson's disease K Sääksjärvi et al by inactivating A 2A receptors. The results from some clinical trials suggest that treatment with adenosine A 2A receptor antagonists may alleviate symptoms in patients with moderate to advanced Parkinson's disease (Bara-Jimenez et al., 2003; Hauser et al., 2003) . However, there are hypotheses against the causal effect between coffee consumption and Parkinson's disease. As discussed by Benedetti et al. (2000) , the preclinical phase of Parkinson's disease may include conditions such as premorbid personality traits characterized by reduced novelty seeking, underlying olfactory deficit, or anxiety or depressive disorders, which could all reduce coffee consumption. However, since exclusion of the first 5 years of the follow-up did not notably alter the results, it can be cautiously concluded that the preclinical disease phase did not bias our results.
In contrast to some previous studies (Ascherio et al., 2001 , we did not find any difference in results between men and women. However, the sex difference found in those studies could be explained by the use of postmenopausal hormones, as a recent cohort study found that the association between coffee consumption and Parkinson's disease in women depended on postmenopausal hormone use . We could not examine the effect of postmenopausal hormone use since the number of postmenopausal hormone users was very small (1.9%) in our study. Postmenopausal hormone users were, however, Coffee consumption and Parkinson's disease K Sääksjärvi et al included in the study population, since excluding them did not alter the results on the association between coffee consumption and Parkinson's disease (data not shown).
In the present study, body mass index had a statistically significant interaction with coffee consumption. An inverse association between coffee consumption and Parkinson's disease was present among overweight subjects (that is, body mass index X25 kg/m 2 ), but not among subjects with normal weight. No interaction between body mass index and coffee consumption was found in the Cancer Prevention Study II Cohort . However, there are suggestions that obesity might be involved in the etiology of Parkinson's disease (Abbott et al., 2002; Chen et al., 2004) .
Serum cholesterol levels had a significant interaction with coffee consumption. The inverse association between coffee consumption and Parkinson's disease was present among subjects who had serum cholesterol levels under the median (o7.24 mmol/l), but not among subjects with cholesterol levels above the median. The population we studied had exceptionally high serum cholesterol levels (Reunanen et al., 1983) compared to these days, although those levels reflect the serum cholesterol levels of the normal population in Finland in the 1970s. As far as we know, this is the first study to examine the possible interaction of serum cholesterol with the relationship between coffee consumption and Parkinson's disease. A positive association between cholesterol intake and Parkinson's disease was found in one casecontrol study (Johnson et al., 1999) ; although in another case-control study no association between intake of saturated fat and Parkinson's disease was found (Hellenbrand et al., 1996) . In one longitudinal study, there were suggestions that intake of saturated fat could be positively associated with incidence of Parkinson's disease . However, higher serum cholesterol levels were associated with decreased risk of Parkinson's disease in a recent prospective study . The explanation for the effect modification of serum cholesterol levels remains unclear.
Although other variables studied did not have any statistically significant interaction with coffee consumption, subgroup analyses suggested a possible benefit for subjects who were aged 50-69 years, had lower education, had no leisure-time physical activity and had no hypertension. Overall, although the results from subgroup analyses were conflicting, as the presence of an inverse association between coffee consumption and Parkinson's disease varied unexpectedly from one subgroup to another, our results point out potential effect-modifying factors worth further research. However, these are exploratory results of uncertain interpretation, and future studies on this topic are needed.
The advantages of this study were the longitudinal study design, the long follow-up period and the examination of both men and women, as only a few previous cohort studies have followed both genders (Ascherio et al., 2001 . Furthermore, both the agreement between the health questionnaire and the dietary history interview, and the short-term reproducibility for measuring coffee consumption were good in our study (0.86 and 0.77, respectively) . In other studies, correlation coefficients for coffee consumption have ranged from 0.61 to 0.97 (Erkkola et al., 2001; Khani et al., 2004) for agreement between two different dietary methods and from 0.62 to 0.92 (Feskanich et al., 1993; Ajani et al., 1994 ) for short-term reproducibility.
However, there remain some methodological limitations worth discussing. The number of Parkinson's disease cases was quite low, despite the 22-year follow-up. As far as we know, the long-term reproducibility of coffee consumption, with intervals such as 10 or 20 years, has not been studied. Since the changes in coffee consumption habits are possible during a long follow-up period, we did not expand the follow-up period any further. Some attenuation of the estimated relative risks could be caused by the lack of updated information on coffee consumption during followup. It has been argued that over the last two decades, coffee consumption has decreased in Finland (Helakorpi et al., 2004) .
Furthermore, the health questionnaire had some limitations. The size of the coffee cup was not determined in the health questionnaire; and therefore, we were unable to define the exact amounts of coffee consumed. The size of the coffee cup cannot be standardized, since the volume of a cup varies from one country to another and can change over a period of time (Debry, 1994) . We speculate that the probable coffee-cup size in Finland in the 1970s was approximately 110 ml. However, the test for trend did not depend on cup size, since coffee consumption was included as a continuous variable. In addition, the brewing method, the amounts and mixtures of ground coffee, the type of the coffee (decaffeinated/regular) and the use of milk with coffee all contribute to the content of coffee, but no enquiries were made about these. At the time of baseline examinations, unfiltered boiled coffee was presumably the predominant way of brewing coffee. Also, other potential factors, such as individual differences in absorption of coffee and the poorly known interaction of coffee with medicines, may influence the physiological effects of coffee, but could not be taken into account in this study. Finally, the health questionnaire was also limited by the lack of information on other sources of caffeine, for example, tea or caffeinated beverages. However, we believe that this limitation did not affect the results, because consumption of tea and caffeinated beverages was presumably relatively low at the time.
Diagnosing Parkinson's disease can be very difficult (Lang and Lozano, 1998) , and there is variability of diagnosis among neurologists. In one prospective autopsy study, the accuracy of final diagnosis of idiopathic Parkinson's disease before death was 76% (Rajput et al., 1991) . Therefore, it is possible that the study population includes unidentified cases of Parkinson's disease. However, this is not of great importance since false-negative cases have no considerable effect on estimated relative risks, as the prevalence of Parkinson's disease is low in the normal population. On the other hand, neither can we assume that all diagnosed patients are definite Parkinson's disease cases. Thus, the results are conservative estimates, since the misclassification of cases is likely to cause some attenuation of the estimated relative risks.
Although we were able to control several potential nondietary confounding and effect-modifying factors, dietary intake (for example, intake of energy, tea or meat) as a potential confounding factor could not be controlled due to a lack of information. The existence of unknown factors cannot be excluded either, and in observational studies residual confounding is always possible.
In summary, we found that subjects with heavy coffee consumption had a lower risk of Parkinson's disease than subjects who did not use coffee. Our results support previous findings from epidemiological studies suggesting that coffee consumption reduces the risk of Parkinson's disease. The inverse association between coffee consumption and Parkinson's disease varied depending on exposure to other factors, especially body mass index and serum cholesterol levels. However, these results were contradictory and remained unexplained, implying that the relationship between coffee consumption and Parkinson's disease requires further research, especially in relation to potential effect-modifying factors.
